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(23)  and  through  at  least  a  longitudinal  duct  (24)  provided  ^   \$VW  |^fe  JJ,  ^ ^ S ^  
inside  the  plunger,  so  as  to  accomplish  a  pump  with  large  fuel  A  v^^'<V///  \ / ^ K w $  
reflux  section  area.  IB  S S ^ m   „.  '  ^ ^  
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e c h a n i c a l   p u m p  
f o r   t h e   i n j e c t i o n   of   f u e l   i n t e n d e d   f o r   b e i n g   a p p l i e d   i n  

p a r t i c u l a r   to  i n t e r n a l   c o m b u s t i o n   e n g i n e s   w i t h   c o n t r o l l e d  

i g n i t i o n .  

5  The  a d v a n t a g e s   a r e   known  of  t h e   use  of  t h e   d i r e c t  

i n j e c t i o n   of  f u e l   i n t o   t h e   c o m b u s t i o n   c h a m b e r   of   t h e   e n -  
g i n e s   w i t h   c o n t r o l l e d   i g n i t i o n .  

Such  a d v a n t a g e s   can  be  g e n e r a l l y   s u m m a r i z e d   as  a  l o w -  

er  t e n d e n c y   to  t he   k n o c k i n g   by  t h e   m o t o r ,   w i t h   t h e   c o n -  
10  s e q u e n t   p o s s i b i l i t y   of   t h e   a d o p t i o n   of  h i g h e r   c o m p r e s s i o n  

r a t i o s   w i t h   h i g h e r   o p e r a t i n g   e f f i c i e n c i e s ,   and  as  a  q u i c k -  
er  a c e o m o d a t i o n   of  t h e   m o t o r   to   a  f a s t   l o a d   c h a n g e   r e -  
q u i r e d   by  t he   e n v i r o n m e n t .  

In  c a s e   of  use   of   t h e   d i r e c t   i n j e c t i o n   in  a  c o n t r o l -  
15  l e d - i g n i t i o n ,   two  s t r o k e   c y c l e   e n g i n e ,   to   t he   a f o r e m e n -  

t i o n e d   a d v a n t a g e s ,   a l s o   t h e   f a c t   i s   a d d e d   t h a t   by  d i r e c t -  

ly  i n j e c t i n g   t h e   f u e l   i n t o   t h e   c o m b u s t i o n   c h a m b e r   w i t h   a  
s u i t a b l e   p h a s i n g ,   t h e   l o s s   of  f u e l   m i x t u r e   f rom  t h e   e x -  
h a u s t   p o r t   d u r i n g   t h e   s c a v e n g e   s t r o k e   i s   a v o i d e d ,   w i t h  

20  c o n s e q u e n t   b e n e f i c i a l   e f f e c t s   on  the   c o n s u m p t i o n   of  f u e l  
and  on  t h e   e m i s s i o n s   of  u n b u r n t   h y d r o c a r b o n s .  

I t   i s   known  in  t h e   s p e c i f i c   a r t .   t h a t   in  o r d e r   to  b e  
a b l e   to  c a r r y   ou t   a  c o r r e c t   f u e l   i n j e c t i o n ,   i . e .   a t o m i z e d  

e n o u g h   to  g u a r a n t e e   a  s u f f i c i e n t   m i x i n g   d u r i n g   t h e   s h o r t  
25  c o n t a c t   t i m e   w i t h   a i r ,   a  h i g h   i n j e c t i o n   p r e s s u r e   ( a b o u t  

MO  b a r )   i s   n e c e s s a r y .   To  t h e   p u r p o s e   of  e n s u r i n g   s u c h   a n  
i n j e c t i o n   p r e s s u r e ,   t h e   use   of  a  pump  of  m e c h a n i c a l   t y p e  
i s   n e c e s s a r y .   Such  a  pump,  a n a l o g o u s   as  f o r   t he   p a r t i c u l a r  

c o m p o n e n t s   and  o p e r a t i o n   to   t h e   pumps  a d o p t e d   in  t he   d i e -  

30  s e l   c y c l e   e n g i n e s ,   c o n s i s t s   in  a  p u m p i n g   e l e m e n t   or  p l u n g -  
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er   s l i d i n g   w i t h   a  n o t a b l e   p r e c i s i o n   i n s i d e   a  c y l i n d e r ,  

w i t h   a  r e c i p r o c a t i n g   m o t i o n   c o n t r o l l e d   by  t h e   o u t s i d e   by  

means   of  a  c a m - f o l l o w e r   s y s t e m ,   or  by  an  e c c e n t r i c ,   in  a  

d e s m o d r o m i c   way,   d r i v e n   by  t he   same  e n g i n e .  

5  The  g o v e r n i n g   of  t h e   f u e l   d e l i v e r y   t a k e s   p l a c e   g e -  

n e r a l l y   by  d i v e r t i n g   to  t he   o u t s i d e   t he   e x c e e d i n g   d e l i v e r y  

by  p u t t i n g   in  c o m m u n i c a t i o n ,   t h r o u g h   a  g r o o v e   p r o v i d e d   o n  

t h e   o u t e r   s u r f a c e   of  t he   p l u n g e r ,   t h e   d e l i v e r y   c h a m b e r   o f  

t h e   pump  w i t h   t he   f u e l   t a n k   t h rough   a  r e f l u x   p o r t ,   a c c o r d -  

10  i n g   to  a  commonly   u s e d   t e c h n i q u e .  

H o w e v e r ,   to  t h e   c o n t r a r y   of  wha t   h a p p e n s   in  t h e   d i e -  

s e l   c y c l e   e n g i n e s   w h e r e i n ,   w i t h   o p e r a t i n g   in  an  e x c e s s   o f  

a i r ,   t h e   power   i s   f u n c t i o n   of  t h e   a m o u n t   of  i n j e c t e d   f u e l  

o n l y   ( g o v e r n i n g   by  q u a l i t y ) ,   in  t h e   c o n t r o l l e d - i g n i t i o n  

15  e n g i n e s   t he   power   i s   a  f u n c t i o n   of  t h e   w e i g h t   of   f r e s h   mi_x 

t u r e   ( g o v e r n i n g   by  q u a n t i t y ) ,   in  w h i c h   h o w e v e r   t h e   a i r /  

f u e l   r a t i o   mus t   be  k e p t   s u b s t a n t i a l l y   c o n s t a n t .  

In  a l l   p r a c t i c a l   a p p l i c a t i o n s ,   t he   g o v e r n i n g   of  t h e  

d e l i v e r y   of  t he   pump  is   o b t a i n e d   by  means   of  t h e   r o t a t i o n  

20  of   t he   p l u n g e r   a r o u n d   i t s   a x i s ;   t h e   p l u n g e r   has   i n d e e d   o n  

i t s   o u t e r   s u r f a c e   a  h e l i c a l   g r o o v e ,   w h i c h   a l l o w s   the   r e -  

f l u x   of  f u e l   and  h e n c e   c a r r i e s   ou t   t h e   g o v e r n i n g   t h e r e o f  

by  f r a c t i o n s   of  i t s   t o t a l   s t r o k e ,   u n i v o c a l l y   d e p e n d i n g   on  

t h e   a n g u l a r   p o s i t i o n   of  t he   p l u n g e r   i n s i d e   t h e   c y l i n d e r   i n .  

25  s i d e   w h i c h   i t   r u n s .  

The  t h e o r e t i c a l   d e l i v e r y   pe r   p l u n g e r   s t r o k e   would   b e  

c o n s t a n t ,   i f   b l o w - b y   l o s s e s   i n v e r s e l y   p r o p o r t i o n a l   to  t h e  

s q u a r e   of  t he   p u m p i n g   r a t e   and  d i r e c t l y   p r o p o r t i o n a l   t o  

t h e   d e l i v e r y   p r e s s u r e ,   g r o w i n g   w i t h   t he   i n c r e a s i n g   of  t h e  

30  p u m p i n g   r a t e ,   d id   no t   e x i s t .   Such  l o s s e s   r e n d e r   the   a c -  

t u a l   p e r f o r m a n c e   of  t he   pump  v e r y   v a r i a b l e   as  a  f u n c t i o n  
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of  i t s   r o t a t i o n   r a t e   ( n u m b e r   of   r e v o l u t i o n s   of  t h e   p u m p  

pe r   t i m e   u n i t ) .   S u b s t a n t i a l l y ,   in  a  d e t e r m i n e d   a n g u l a r  

p o s i t i o n   of   t h e   p l u n g e r ,   t he   d e l i v e r y   p e r   p l u n g e r   s t r o k e  

i n c r e a s e s   w i t h   i n c r e a s i n g   r o t a t i o n   r a t e s   a c c o r d i n g   to   a  

5  c u r v e   w i t h   d e c r e a s i n g   d e r i v a t i v e .  

T h i s   pump  d e l i v e r y   v a r i a t i o n   law  d o e s   n o t   f i t   to   t h e  

r e q u i r e m e n t   of  f u e l   pe r   e n g i n e   r e v o l u t i o n   w i t h   t h e   v a r y -  

i ng   of  t h e   r o t a t i o n   r a t e   of  t h i s   l a t t e r   ( n u m b e r   of  e n -  

g i n e   r e v o l u t i o n s   pe r   t i m e   u n i t ) ,   i n t r i n s i c   of  t he   c o n t r o l  

10  l ed   i g n i t i o n   e n g i n e s .  

In  f a c t ,   t h e   n e c e s s a r y   a m o u n t   of  f u e l   pe r   e n g i n e   r e -  

v o l u t i o n   i n c r e a s e s   w i t h   t h e   i n c r e a s i n g   o f   t h e   e n g i n e   r o -  

t a t i o n   r a t e   in  a c c o r d a n c e   w i t h   an  e q u a l   i n c r e a s e   of  t h e  

i n t a k e n   a i r   up  to  t h e   p o i n t   of  o p t i m u m   p r o p o r t i o n i n g   o f  

15  t h e   e n g i n e ,   i . e . ,   to  t h e   p o i n t   of  maximum  a c t u a l   a v e r a g e  

p r e s s u r e   c o r r e s p o n d i n g   to  t he   maximum  d r i v i n g   t o r q u e ;   f r o m  

t h i s   p o i n t   on,   t h e   n e c e s s a r y   a m o u n t   of  f u e l   pe r   e n g i n e   r e  

v o l u t i o n   d e c r e a s e s   in  a c c o r d a n c e   w i t h   an  e q u a l   r e d u c t i o n  

of  t h e   i n t a k e n   a i r .  

20  The  i n j e c t i o n   pump  as  d e s c r i b e d ,   on  t h e   c o n t r a r y ,  

wou ld   f e e d   t he   m o t o r   w i t h   an  i n c r e a s i n g   a m o u n t   of  f u e l  

pe r   e n g i n e   r e v o l u t i o n   a l s o   b e y o n d   the   p o i n t   of  m a x i m u m  

a c t u a l   a v e r a g e   p r e s s u r e ,   so  as  to  e n r i c h   t oo   much  t h e   mijx 

t u r e   and  to   c a u s e   a  m a l f u n c t i o n i n g   of  t h e   e n g i n e .  

25  A p a r t   g o v e r n o r   d e v i c e s   have   been   p r o p o s e d ,   w h i c h   p r o  

v i d e   f o r   t h e   r e d u c t i o n   of  t he   a m o u n t   of  f u e l   pe r   e n g i n e  

r e v o l u t i o n   a t   t h e   p r o p e r   t i m e ,   i . e . ,   a f t e r   t he   p o i n t   o f  

maximum  a c t u a l   a v e r a g e   p r e s s u r e .  

One  t y p e   of  s u c h   g o v e r n o r   d e v i c e s   e n v i s a g e s   a  t r i d i -  

30  m e n s i o n a l   cam,  a x i a l l y   moved  by  a  c e n t r i f u g e   d e v i c e   d r i v e n  

by  t he   e n g i n e ,   and  a n g u l a r l y   moved  by  t h e   e l e m e n t   g o v e r n  



n.  0 2 0 9 9 3 8  

i n g   t h e   a i r   i n t a k e   by  t h e   e n g i n e ,   w h i c h   a c t u a t e s   an  e l -  

e m e n t   g o v e r n i n g   the   a n g u l a r   p o s i t i o n   of  t he   p l u n g e r   o f  

t h e   pump  and  h e n c e   g o v e r n i n g   t h e   a m o u n t   of  f u e l   i n j e c t -  

ed  i n t o   t he   e n g i n e .  

5  Such  a  g o v e r n o r   d e v i c e   g u a r a n t e e s   a  p e r f e c t   pump  -  
e x p e n s i v e  

e n g i n e   c o u p l i n g ,   bu t   i s   e x t r e m e l y   s o p h i s t i c a t e d   ,/  b u l k y  

and  h e n c e ,   among  o t h e r s ,   n o t   much  s u i t a b l e   to  t h e   use  o n  

s m a l l   e n g i n e s ,   such   as  e . g .   t h o s e   w i t h   the   t w o - s t r o k e  

c y c l e ,   i n t e n d e d   f o r   l i g h t   m o t o r s - h i d e s   and  m o t o r s c o o t e r s .  

10  A  s e c o n d   t y p e   of  t h e s e   g o v e r n o r   d e v i c e s ,   of  p n e u -  

m a t i c   t y p e ,   e n v i s a g e s   t h e   use   of  a  m e m b r a n e   c o n t r o l l e d  

by  t h e   s u c t i o n   p r e s s u r e   a t   t h e   e n g i n e   i n t a k e ,   w h i c h   a c -  

t u a t e s   t h e   s a i d   pump  p l u n g e r   a n g u l a r   p o s i t i o n   g o v e r n i n g  

d e v i c e   . 

15  Such  g o v e r n o r   d e v i c e   i s   c e r t a i n l y   s i m p l e r   t h a n   t h e  

p r e c e d i n g   one ,   but   i s   l e s s   p r e c i s e   and  i s   a c c e p t a b l e   o n -  

ly  f o r   u s e s   in  s e m i s t a t i o n a r y   e n g i n e s ,   in  t h a t   e s t a b l i s h -  

i n g   a  p e r f e c t   c o r r e s p o n d e n c e   b e t w e e n   the   s u c t i o n   p r e s s u r e  

and  t he   a m o u n t   of  i n t a k e n   a i r   i s   q u i t e   p r o b l e m a t i c a l .  

20  P u r p o s e   of  the   p r e s e n t   i n v e n t i o n   i s   h e n c e   to  p r o p o s e  

a  m e c h a n i c a l   i n j e c t i o n   pump  f o r   c o n t r o l l e d - i g n i t i o n   e n -  

g i n e s ,   a l l o w i n g   an  o p t i m u m   c o u p l i n g   w i t h   t he   e n g i n e   i n  

t e r m s   of  f u e l   f e e d i n g ,   a v o i d i n g   the   use  of  s u p p l e m e n t a r y  

g o v e r n o r   d e v i c e s ,   and  w h i c h   i s   a t   t he   same  t i m e   s t r u c t u r a l  

25  ly  s i m p l e .  

Such  p u r p o s e   i s   a c h i e v e d   by  means   of  a  m e c h a n i c a l  

pump  for  t he   d i r e c t   i n j e c t i o n   of  f u e l   i n t o   t he   c o m b u s t i o n  

c h a m b e r   of  an  i n t e r n a l   c o m b u s t i o n   e n g i n e ,   c o m p r i s i n g   a  

p l u n g e r ,   a x i a l l y   s l i d i n g   i n s i d e   a  c y l i n d e r   and  r o t a t i n g  

30  a r o u n d   i t s   own  a x i s ,   w h i c h   d e l i v e r s   t he   f u e l   c o m i n g   f r o m  

a  t a n k   i n t o   a  d e l i v e r y   c h a m b e r   p r o v i d e d   w i t h i n   t h e   s a m e  
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c y l i n d e r   t o w a r d s   a  d u c t   c o n n e c t e d   w i t h   t h e   c o m b u s t i o n  
c h a m b e r   of   t h e   e n g i n e   up  to  a  p o s i t i o n   in   t h e   s t r o k e   o f  
t h e   p l u n g e r   a t   w h i c h   t h e   f u e l   f l o w s   b a c k ,   t h r o u g h   d u c t s  

p r o v i d e d   in  t h e   p l u n g e r ,   t o w a r d s   t h e   t a n k ,   c h a r a c t e r i z e d  
5  in   t h a t   s a i d   d u c t s   c o m p r i s e   a t   l e a s t   two  h e l i c a l   g r o o v e s  

p r o v i d e d   a l o n g   t h e   o u t e r   w a l l   of   t h e   p l u n g e r ,   in  c o m m u -  
n i c a t i o n   w i t h   l o n g i t u d i n a l   g r o o v e s   a l w a y s   p r o v i d e d   a l o n g  
t h e   o u t e r   w a l l   of  t he   p l u n g e r ,   and  in  c o m m u n i c a t i o n   m o r e -  
o v e r   w i t h   a t   l e a s t   a  l o n g i t u d i n a l   d u c t   p r o v i d e d   in  t h e  

10  p l u n g e r ,   s a i d   l o n g i t u d i n a l   g r o o v e s   and  s a i d   l o n g i t u d i n a l  
d u c t   p u t t i n g   t he   h e l i c a l   g r o o v e s   in  c o m m u n i c a t i o n   w i t h  
t h e   d e l i v e r y   c h a m b e r ,   in  d e t e r m i n e d   p o s i t i o n s   a l o n g   t h e  
c y l i n d e r   a x i s   s a i d   h e l i c a l   g r o o v e s   p r o v i d e d   in   t h e   p l u n g -  
er   b e i n g ,   w i t h   one  of   t h e i r   p o r t i o n s ,   in  c o r r e s p o n d e n c e  

15  of   p o r t s   p r o v i d e d   in  t h e   c y l i n d e r   c o n n e c t e d   w i t h   t h e   t a n k ,  
f o r   t h e   f l o w i n g   back   of  t h e   f u e l   i n t o   t he   t a n k .  

To  t h e   p u r p o s e   of  u n d e r s t a n d i n g   the   c h a r a c t e r i s t i c s  

and  t h e   a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   h e r e i n u n d e r  

an  e x e m p l i f y i n g   e m b o d i m e n t   t h e r e o f   i s   d i s c l o s e d ,   as  i l -  
20  l u s t r a t e d   in  t he   a t t a c h e d   d r a w i n g   t a b l e   w h e r e i n :  

F i g .   1  shows  a  l o n g i t u d i n a l   s e c t i o n   of   a  m e c h a n i c a l  

i n j e c t i o n   pump  a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g .   2  shows  a  d e t a i l   of  t he   pump  of  f i g .   1 ;  

F i g s .   3,  *»  and  5  show  in  a  d e t a i l e d   way,   t h e   pump  o f  
25  f i g .   1  in  t h r e e   d i f f e r e n t   o p e r a t i n g   p o s i t i o n s ;  

F i g s .   6,  7  show  in  a  d e t a i l e d   way,  in  c r o s s   s e c t i o n  

a c c o r d i n g   to  the   p a t h   A-A,  t h e   pump  of  f i g .   1  in  two  d i £  
f e r e n t   o p e r a t i n g   p o s i t i o n s .  

The  pump  shown  in  f i g .   1,  g e n e r a l l y   i n d i c a t e d   w i t h  

30  10,  c o m p r i s e s   a  pump  body  11  w h e r e i n   a  c y l i n d e r   12  and  a 
v a l v e   body  13  are  housed  in  a  l o n g i t u d i n a l   c o n n e c t i o n   r e l a t i o n  
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s h i p .  

I n s i d e   t he   c y l i n d e r   12  a  p l u n g e r   14  i s   s l i d i n g .  

W i t h i n   t he   v a l v e   body  13  a  s h u t t e r   15  a l i g n e d   w i t h  

the   p l u n g e r   14  i s   h o u s e d .  

5  B e t w e e n   t he   p l u n g e r   14  and  t he   s h u t t e r   15  a  d e l i v e r y  

c h a m b e r   16  i s   d e f i n e d ,   w h i c h   c o m m u n i c a t e s   t h r o u g h   t w o  

t r a n s v e r s a l   p a s s a g e w a y s   18  p r o v i d e d   in  t he   c y l i n d e r   1 2 ,  

w i t h   an  a n n u l a r   c h a m b e r   19-  The  a n n u l a r   c h a m b e r   19  c o m -  

m u n i c a t e s   on  one  s i d e ,   t h r o u g h   a  p a s s a g e w a y   20,  w i t h   a 

10  s u p p l y   of  p r e s s u r i z e d   f u e l   and  on  the   o t h e r   s i d e ,   t h r o u g h  

a  p a s s a g e w a y   21,  w i t h   a  t a n k   c o n t a i n i n g   t h e   same  f u e l .  

On  t h e   o u t e r   w a l l   of  t he   p l u n g e r   14  two  o p p o s i t e   t o  

e a c h   o t h e r   h e l i c a l   g r o o v e s   22  a r e   p r o v i d e d ,   as  w e l l   a s  

two  l o n g i t u d i n a l   g r o o v e s   23,  t h e y   too   b e i n g   o p p o s i t e   t o  

15  each   o t h e r ,   e ach   one  of  w h i c h   i n t e r s e c a t e s   a t   an  end  a 

r e s p e c t i v e   h e l i c a l   g r o o v e   22  and  ends   at  t he   o t h e r   e n d  

in  c o r r e s p o n d e n c e   of  t h e   d e l i v e r y   c h a m b e r   1 6 .  

I n s i d e   t he   p l u n g e r   14  an  a x i a l   d u c t   24  ( w e l l   v i s i b l e  

in  f i g .   2)  i s   m o r e o v e r   p r o v i d e d ,   c l o s e d   a t   an  e n d ,   a n d  

20  t e r m i n a t i n g   at   i t s   o t h e r   end  in  c o r r e s p o n d e n c e   of  t h e   d e -  

l i v e r y   c h a m b e r   16.  The  a x i a l   d u c t   24  c o m m u n i c a t e s   w i t h  

the   two  g r o o v e s   22  by  means   of  two  t r a n s v e r s a l   b o r e s   25  

a l w a y s   p r o v i d e d   in  t he   p l u n g e r   1 4 .  

W i t h i n   t he   s h u t t e r   15  an  a x i a l   d u c t   26  i s   a l s o   p r o -  

25  v i d e d ,   c l o s e d   a t   an  end ,   and  t e r m i n a t i n g   a t   i t s   o t h e r   e n d  

in  c o r r e s p o n d e n c e   of  t he   d e l i v e r y   c h a m b e r   16.  W i t h i n   t h e  

s h u t t e r   15  two  t r a n s v e r s a l   t h r o u g h   b o r e s   27  a r e   m o r e o v e r  

p r o v i d e d ,   w h i c h   put   t he   a x i a l   d u c t   26  in  c o m m u n i c a t i o n  

w i t h   t he   o u t e r   of  the   s h u t t e r .   The  s h u t t e r   i s   e l a s t i c a l l y  

30  p r e s s e d   in  c l o s u r e   p o s i t i o n   a g a i n s t   a  s e a t   of  t h e   v a l v e  

body  13  by  a  s p r i n g   2 8 .  
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W i t h i n   t h e   pump  10  m o r e o v e r   d u c t s   29  f o r   t h e   i n f l o w  

of   p r e s s u r e d   o i l   i n t o   t he   s e a t   of   t h e   c y l i n d e r   12  w i t h i n  

w h i c h   t h e   p l u n g e r   1*4  s l i d e s ;   a  d u c t   30  f o r   t he   r e c o v e r y  

of   t he   f u e l   l e a k i n g   o u t   b e t w e e n   t h e   s a i d   s e a t   of  t he   c y l -  

5  i n d e r   12  and  t h e   same  c y l i n d e r ;   and  a  s t u d   31  p r e v e n t i n g  

t h e   c y l i n d e r   12  f rom  r o t a t i n g   i n s i d e   t h e   pump  body  11  a r e  

p r o v i d e d   . 

The  o p e r a t i n g   way  of  t he   d i s c l o s e d   pump  10,  as  a p -  

p l i e d   to  a  c o n t r o l l e d - i g n i t i o n   e n g i n e ,   no t   shown ,   i s   a s  

10  f o l l o w s .  

In  t he   p o s i t i o n   of  f i g .   1,  t h e   p l u n g e r   U  i s   in  i t s  

p o s i t i o n   of  l o w e r   dead   p o i n t ,   and  t h e   f u e l   i n f l o w s   t h r o u g h  

t h e   p a s s a g e   20,  t he   a n n u l a r   c h a m b e r   19  and  the   p a s s a g e -  

ways  18  i n t o   t h e   d e l i v e r y   c h a m b e r   16.  At  t h e   b e g i n n i n g   o f  

15  i t s   s t r o k e   u p w a r d s ,   t he   p l u n g e r   U  c a u s e s   t he   f u e l   t o  

f l o w   back   i n t o   t h e   a n n u l a r   c h a m b e r   19.  As  soon   as  t he   u p -  

p e r   edge   of  t he   p l u n g e r   *\l*  c o v e r s   c o m p l e t e l y   t he   p o r t s   o f  

t h e   p a s s a g e w a y s   1&,  as  shown  in  f i g .   3,  t h e   d e l i v e r y   g e o -  

m e t r i c a l l y   s t a r t s   ( p r o v i d e d   t h a t ,   as  in  f i g .   6,  t he   l o n -  

20  g i t u d i n a l   g r o o v e s   23  a r e   not   in  c o r r e s p o n d e n c e   of  t h e  

p o r t s   of  the   p a s s a g e w a y s   18) ,   i . e . ,   t h e   f u e l   p r e s s u r i z e d  

i n s i d e   t he   d e l i v e r y   c h a m b e r   16  c a u s e s   t he   l i f t i n g   a n d  

h e n c e   the   o p e n i n g   of  t he   s h u t t e r   15,  c o u n t e r a c t e d   by  t h e  

s p r i n g   28;  the   b o r e s   27  put   the   d u c t   26  in  c o m m u n i c a t i o n  

25  w i t h   an  i n n e r   d u c t   32  of  a  d e l i v e r y   j o i n t   33  c o n n e c t e d  

w i t h   t he   e n g i n e ' s   c o m b u s t i o n   c h a m b e r   and  h e n c e   the   f u e l  

o u t f l o w s   from  t he   d e l i v e r y   c h a m b e r   16,  t h r o u g h   the   d u c t  

26,   the   b o r e s   27  and  t he   d u c t   32  i n t o   t he   s a i d   c o m b u s -  

t i o n   c h a m b e r .   In  f i g .   k  an  i n t e r m e d i a t e   p o s i t i o n   of  t h e  

30  u s e f u l   s t r o k e   of  t he   p i s t o n   is   s h o w n .  

When  the   u p p e r   edge   of  t he   two  h e l i c a l   g r o o v e s   2 2  
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r e a c h   t h e   l o w e r   e d g e s   of  t he   p o r t s   of  t h e   p a s s a g e w a y s   1 8 ,  

as  shown  in  f i g .   5,  the   d e l i v e r y   g e o m e t r i c a l l y   e n d s ,   i n  

t h a t   t h e   f u e l   p r e s s u r i z e d   i n s i d e   t h e   d e l i v e r y   c h a m b e r   16 

f l o w s   b a c k   i n t o   t he   h e l i c a l   g r o o v e s   22,   t h r o u g h   the   l o n -  

5  g i t u d i n a l   g r o o v e s   23  and  a l s o   t h r o u g h   t h e   a x i a l   d u c t   24 

and  t h e   b o r e s   25,  and  hence  f l o w s   b a c k ,   t h r o u g h   t he   p a s s a g e  

ways  18,  i n t o   t he   a n n u l a r   c h a m b e r   19-  The  p l u n g e r   14,  s u b  

s e q u e n t l y ,   by  h a v i n g   ended   i t s   s t r o k e   u p w a r d s ,   r e t u r n s  

d o w n w a r d s ,   and  at  i t s   l o w e r   dead   p o i n t   a  new  c y c l e   b e g i n s .  

10  The  g o v e r n i n g   of  t he   d e l i v e r y   of   t he   pump  10  i s   o b -  

t a i n e d   by  r o t a t i n g   the  p l u n g e r   14  r e l a t i v e l y   to  t he   c y l -  

i n d e r   12.  In  f a c t ,   by  v a r y i n g   t h e   p o s i t i o n i n g   of  t he   u p -  

pe r   edge   of  the   h e l i c a l   g r o o v e s   22  r e l a t i v e l y   to  t he   p o r t s  

of  t he   p a s s a g e w a y s   18,  t he   u s e f u l   s t r o k e   of  the   p l u n g e r  

15  14  v a r i e s ,   as  known,   and  h e n c e   t h e   d e l i v e r y .  

In  t h e   a n g u l a r   p o s i t i o n   of  t h e   p l u n g e r   14  in  w h i c h  

t he   l o n g i t u d i n a l   g r o o v e s   23  a r e   in  c o r r e s p o n d e n c e   of  t h e  

p o r t s   of  t he   p a s s a g e w a y s   18,  as  shown  in  f i g .   7,  a  z e r o  

d e l i v e r y   i s   o b t a i n e d ,   in  t h a t   t h e   f u e l   p r e s e n t   i n s i d e   t h e  

20  d e l i v e r y   c h a m b e r   16  o u t f l o w s   t h r o u g h o u t   the   u p w a r d s   s t r o k e  

of  t he   p l u n g e r   14  e x a c t l y   t h r o u g h   t h e   l o n g i t u d i n a l   g r o o v e s  

23  and  t h e   p a s s a g e w a y s   18  i n t o   t h e   a n n u l a r   c h a m b e r   19 -  

In  f i g .   1  some  a r r o w s   a r e   s h o w n ,   w h i c h   i n d i c a t e   b o t h  

the   r e c i p r o c a t i n g   and  the   r o t a r y   m o t i o n   of  the   p l u n g e r   1 4 ,  

25  as  w e l l   as  t he   i n l e t   of  t he   f u e l   to  and  the   o u t l e t   of  i t  

f rom  t h e   pump  body  11,  and  t he   i n l e t   of  t he   o i l   as  h e r e i _ n  

a b o v e   m e n t i o n e d .  

The  t w i n   h e l i c a l   g r o o v e s   22  w i t h   t h e i r   r e s p e c t i v e  

l o n g i t u d i n a l   g r o o v e s   23,  t he   a x i a l   d u c t   24  and  the   b o r e s  

30  25  i n c r e a s e   t he   r e f l u x   s e c t i o n   a r e a   of  t he   pump,  so  as  t o  

r e d u c e   t h e   i n f l u e n c e   of  t he   f u e l   l e a k a g e   l o s s e s   on  t h e  
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d e l i v e r y   law  to  a  c o n s i d e r a b l e   e x t e n t ;   in  p r a c t i c e ,   t h e  

c u r v e   of  t h e   d e l i v e r y   p e r   p l u n g e r   s t r o k e   as  a  f u n c t i o n  

of  t he   r o t a t i o n   r a t e   of  t h e   pump,  m e n t i o n e d   in  t h e   i n t r o -  

d u c t i o n ,   w h i c h   has   a  g r o w i n g   o u t l i n e   w i t h   n e g a t i v e   d e r i -  

5  v a t i v e   in  t h e   known  p u m p s ,   c h a n g e s   in  t h e   pump  10  in  s u c h  

a  way  t h a t   t h e   c u r v e   i s   g r o w i n g   up  to  a  c e r t a i n   p o i n t   a n d  

t h e n   d e c r e a s e s ,   as  i t   has   been   c o n f i r m e d   by  e x p e r i m e n t a l  

r e s u l t s .   I t   i s   h e n c e   c l e a r   t h a t   i t   i s   p o s s i b l e   to  f i t   t h e  

v a r i a t i o n   law  of  t h e   d e l i v e r y   of  t he   pump  10  p e r   s t r o k e  

10  of  t he   p l u n g e r   14,  w i t h   t h e   v a r y i n g   of  t he   r o t a t i o n   r a t e  

of  t he   pump,  to  t h e   v a r i a t i o n   law  of  t h e   a m o u n t   of  f u e l  

pe r   r e v o l u t i o n   of   t h e   c o n t r o l l e d - i g n i t i o n   e n g i n e ,   with  t h e  

varying  of  the  r o t a t i o n   r a t e   of  the  engine ,   which  as  i t   has1  been  
o u t l i n e c   ir  the  i n t r o d u c t i o n ,   env i s ages   -a  growing  curve.  up  to  the  p o i n t  

of  maximum  a c t u a l   average   p r e s s u r e ,   and  d e c r e a s i n g   a f t e r   t h i s   p o i n t .  

The  i n c r e a s e   of  t h e   r e f l u x   s e c t i o n   a r e a   of   t h e   pump 

10  l e a d s   a l s o   to   a d v a n t a g e s   in  t h e   s i t u a t i o n   of   z e r o   d e -  

l i v e r y   of  t h e   pump  as  m e n t i o n e d   a b o v e .  

T h i s   f a v o u r s   i n d e e d   t h e   r e f l u x   of  a l l   t h e   f u e l   p r e s -  

20  en t   i n s i d e   t h e   d e l i v e r y   c h a m b e r   to  a  n o t a b l e   e x t e n t   a n d  

the   r e s i s t a n c e   to  t h e   r e f l u x   i s   t h u s   n o t a b l y   r e d u c e d ,   i n  

p a r t i c u l a r   a t   t h e   h i g h   r o t a t i o n   r a t e s   of  t h e   pump.  In  t h e  

known  pumps ,   on  t h e   c o n t r a r y ,   at   t he   h i g h   pump  r o t a t i o n  

r a t e s ,   t h i s   r e s i s t a n c e   to  t he   r e f l u x   i s   so  h i g h   t h a t   a  

25  f u e l   d e l i v e r y   i s   anyway   o b t a i n e d ,   even   i f   of  min imum  v a l -  

ue,   w i t h   c o n s e q u e n t   i n c r e a s e   in  c o n s u m p t i o n s   and  e n v i r o n -  

m e n t a l   p o l l u t i n g   s u b s t a n c e s .  

The  pump  10  i s   f o u n d   to  be  p a r t i c u l a r l y   a d v a n t a g e o u s  

f o r   a p p l i c a t i o n s   to  t w o - s t r o k e   e n g i n e s   w h i c h   o p e r a t e   u p  

30  to  h i g h   r o t a t i o n   r a t e s .   I t   can  be  a p p l i e d   h o w e v e r   to  a n y  

i n t e r n a l   c o m b u s t i o n   e n g i n e s ,   w h e t h e r   of  t he   c o n t r o l l e d -  
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i g n i t i o n   t y p e   or  n o t ,   and  h e n c e   a l s o   to  a  d i e s e l   e n g i n e ,  

in  t h o s e   c a s e s   in  w h i c h   t he   i n c r e a s e   of  t h e   r e f l u x   s e c t i o n  

a r e a   l e a d s   to  t e c h n i c a l   a d v a n t a g e s .  

We  u n d e r l i n e   t h a t   t h i s   i s   o b t a i n e d   w i t h   a  v e r y   s i m p l e  

5  pump  c o n f i g u r a t i o n ,   o b t a i n a b l e   by  means   of  e l e m e n t a r y  

m e c h a n i c a l   m a c h i n i n g   p r o c e s s e s ,   and  h e n c e   c o n s t r u c t i v e l y  

c h e a p .  

Of  c o u r s e ,   no  s u p p l e m e n t a r y   d e v i c e s   a r e   t h u s   n e c e s -  

s a r y   to  t he   p u r p o s e   of  c o r r e c t l y   c o u p l i n g   t he   pump  a n d  

TO  t h e   m o t o r ,   in  t e r m s   of  f e e d i n g .  

By  o p e r a t i n g   on  t h e   g e o m e t r y   of  t h e   two  g r o o v e s   2 2 ,  

whose   u p p e r   e d g e s   may  be  made  b e c o m e   o p e r a t i v e   a t   d i f -  

f e r e n t   h e i g h t s ,   t h e   d e l i v e r y   law  of  t h e   pump  10  may  b e  

so  a d a p t e d ,   as  to   f i t   to  t h e   i n t r i n s i c   r e q u i r e m e n t   o f  

15  f u e l   by  any  e n g i n e   t y p e s .  

D i f f e r e n t   s h a p i n g s   of  t he   pump  as  d i s c l o s e d   may  b e  

of  c o u r s e   o b t a i n e d .  

More  t h a n   two  h e l i c a l   g r o o v e s   w i t h   t h e i r   r e s p e c t i v e  

l o n g i t u d i n a l   g r o o v e s ,   c o n n e c t i o n   p a s s a g e w a y s   to  t h e   r e -  

20  f l u x   c h a m b e r   ( i n   t h e   d i s c l o s e d   and  i l l u s t r a t e d   e x a m p l e ,  

t h e   a n n u l a r   c h a m b e r   19 ) ,   and  c o n n e c t i o n   b o r e s   to  t h e   a x -  

i a l   d u c t   of  t h e   p l u n g e r   may  be  e . g .   p r o v i d e d .  

I n s t e a d   of   one  s i n g l e   a x i a l   d u c t ,   more  l o n g i t u d i n a l  

d u c t s   a l w a y s   p r o v i d e d   i n s i d e   t he   p l u n g e r   may  be  p r o v i d e d ,  

25  s e r v i n g   to  t h e   same  f u n c t i o n   as  of  t h e   a x i a l   d u c t ,   a n d ,   e .  

g.  ,  each   one  of   them  may  be  in  c o m m u n i c a t i o n   w i t h   a  r e s -  

p e c t i v e   h e l i c a l   g r o o v e .  
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C  1  a  i  rn  s  

1.  M e c h a n i c a l   pump  f o r   t h e   d i r e c t   i n j e c t i o n   of  f u e l  
i n t o   t h e   c o m b u s t i o n   c h a m b e r   of   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e ,   c o m p r i s i n g   a  p l u n g e r   a x i a l l y   s l i d i n g   i n s i d e   a  
c y l i n d e r   and  r o t a t i n g   a r o u n d   i t s   own  a x i s ,   d e l i v e r i n g  

5  t h e   f u e l   i n c o m i n g   f rom  a  t a n k   i n t o   a  d e l i v e r y   c h a m b e r  

p r o v i d e d   w i t h i n   t he   s a i d   c y l i n d e r ,   t o w a r d s   a  d u c t   c o n n e c t  
ed  w i t h   t he   c o m b u s t i o n   c h a m b e r   of   t h e   e n g i n e   up  to  a  p o -  
s i t i o n   of  the   p l u n g e r ' s   s t r o k e   in  w h i c h   t h e   f u e l   f l o w s  

back   t o w a r d s   t he   t a n k   t h r o u g h   d u c t s   p r o v i d e d   in  t h e   p l u n g  
10  e r ,   c h a r a c t e r i z e d   in  t h a t   s a i d   d u e t s   c o m p r i s e   a t   l e a s t  

two  h e l i c a l   g r o o v e s   p r o v i d e d   a l o n g   t h e   o u t e r   w a l l   of  t h e  

p l u n g e r ,   c o m m u n i c a t i n g   w i t h   l o n g i t u d i n a l   g r o o v e s   a l w a y s  

p r o v i d e d   a l o n g   the   o u t e r   w a l l   of  t he   p l u n g e r   and  c o m m u -  

n i c a t i n g   m o r e o v e r   w i t h   a t   l e a s t   one  l o n g i t u d i n a l   d u c t   p r o  
15  v i d e d   i n s i d e   the   p l u n g e r ,   s a i d   l o n g i t u d i n a l   g r o o v e s   a n d  

s a i d   l o n g i t u d i n a l   d u c t   p u t t i n g   t he   h e l i c a l   g r o o v e s   i n  

c o m m u n i c a t i o n   w i t h   t h e   d e l i v e r y   c h a m b e r ,   in  d e t e r m i n e d  

p o s i t i o n s   a l o n g   the   c y l i n d e r   a x i s   s a i d   h e l i c a l   g r o o v e s  

p r o v i d e d   in  t he   p l u n g e r   b e i n g ,   w i t h   one  of  t h e i r   p o r t i o n s ,  
20  in  c o r r e s p o n d e n c e   of  p o r t s   p r o v i d e d   in  t he   c y l i n d e r   c o n -  

n e c t e d   w i t h   the   t a n k ,   f o r   t h e   f l o w i n g   back   of  t h e   f u e l  

i n t o   t h e   t a n k .  

2.  Pump  a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d   l o n g i t u -  
d i n a l   g r o o v e s   p r o v i d e d   in  t h e   p l u n g e r   a r e   so  p o s i t i o n e d ,  

25  as  to  be,   in  d e t e r m i n e d   a n g u l a r   p o s i t i o n s   of  t he   p l u n g e r ,  
in  c o r r e s p o n d e n c e   of  s a i d   p o r t s   p r o v i d e d   in  t he   c y l i n d e r  
f o r   t he   o v e r a l l   f l o w   back   of   a l l   t he   f l o w e d - i n   f u e l   i n t o  

t h e   d e l i v e r y   c h a m b e r .  

3.  Pump  a c c o r d i n g   to  c l a i m   1  or  2,  w h e r e i n   an  o u t e r  

30  l o n g i t u d i n a l   g r o o v e   p e r   e a c h   h e l i c a l   g r o o v e   i s   p r o v i d e d ,  
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s a i d   g r o o v e s   c r o s s i n g   e a c h   o t h e r .  

k.  Pump  a c c o r d i n g   to  c l a i m   1  or  2,  w h e r e i n   one  s i n g l e  

l o n g i t u d i n a l   d u c t   c e n t r a l l y   p r o v i d e d   a l o n g   t h e   a x i s   of   t h e  

c y l i n d e r   i s   e n v i s a g e d .  

5  5.  Pump  a c c o r d i n g   to  c l a i m   M,  w h e r e i n   s a i d   a x i a l  

d u c t   p r o v i d e d   in  t h e   p l u n g e r   c o m m u n i c a t e s   w i t h   t h e   h e l i c a l  

g r o o v e s   t h r o u g h   b o r e s   p r o v i d e d   i n s i d e   t he   p l u n g e r ,   a n d  

t e r m i n a t e s   at   t h e   end  of  t h e   p l u n g e r   in  c o r r e s p o n d e n c e   o f  

t h e   d e l i v e r y   c h a m b e r .  

10  6.  Pump  a c c o r d i n g   to  c l a i m   3,  w h e r e i n   pe r   e a c h   h e l i -  

c a l   and  l o n g i t u d i n a l   g r o o v e   one  of  s a i d   c y l i n d e r   p o r t s   i s  

p r o v i d e d .  

7.  Pump  a c c o r d i n g   to  c l a i m   3,  w h e r e i n   two  p a i r s   o f  

h e l i c a l   and  l o n g i t u d i n a l   g r o o v e s   p o s i t i o n e d   in  o p p o s i t e  

15  p o s i t i o n s   to  e a c h   o t h e r   a r e   p r o v i d e d .  
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